Introduction
In January 1985 a smog episode took place in parts of North Rhine-Westfalia (West Germany). In the Ruhr District, a smog alarm was given for 5 days. In the western part of the Ruhr District, air pollution reached the emergency level, with the consequence of a total stop of traffic and reduced production in certain plants. An extended investigation of the health effects during this period was performed, supported by the Ministry of Work, Health and Social Care of North Rhine-Westfalia (1) , the essentials of which shall be presented here. 
Materials and Methods
Data on morbidity, mortality, ambient air pollution, and meteorologic variables were collected retrospectively for the period from January 1 to February 15, 1985 , but the analysis is restricted to the 6 complete weeks between January 3 and February 13 . In the following discussion, we shall refer to the week from January 17 to 23 as the smog period. This week includes the period of smog alarm (Thursday, January 17 to Monday, January 21) and the following 2 days. The rationale for this definition is the experience from earlier smog episodes, that health effects might follow with a delay of 1 to 2 days after the smog. The other 5 weeks (anuary [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , January 24-February 13) are referred to as control period while the whole time interval (anuary 3-February 13) will be denoted as the period of observation. Due to a shorter time interval for data collection, the period of observation for ambulance transports is restricted to January 3-February 6. To allow for a comparison between areas with different degrees of pollution, the study was extended to the state of North-rhine Westfalia with about 16 million inhabitants, 6 million of them living in the polluted area, 4 million in an area with an intermediate degree of air pollution, and 6 million in the control area, which has a low degree of air pollution. Only data from the polluted area and the control area will be analyzed. The polluted area is highly industrialized and urban, with different types of industry (primarily metal industry, coal mining, chemical, petroleum refining, etc.): the control area is primarily rural, with some medium-sized cities and some minor local industries (furniture, textile, manufacturing). The age structure of the population in both areas is similar.
Meteorologic Variables
Meteorologic information about temperature, wind velocity, humidity, and biotropy was available from 11 stations of the German Weather Service. (Biotropy describes weather conditions with potential relevance to health, using the scale: 0 = no, 1 = weak, 2 = intermediate, 3 = strong biotropy. It is determined four times a day by the central weather station in Essen, on the basis of complex meteorologic information.)
Ambient Air Pollution
Ambient concentrations [30-min averages and 24-hr averages of sulfur dioxide (SO2), nitrogen dioxide (NO2), and carbon monoxide (CO), 3- 
Hospital Admissions
The data on hospital admissions were requested by questionnaires, which had been sent to all hospitals for internal medicine and pediatrics in North RhineWestfalia; 186 hospitals (45% of all) participated in the study. Individual information about the day of admission, the clinical diagnosis, the severity of the symptoms, age, sex, and anamnestic information were collected for about 13,000 patients with respiratory or cardiovascular diseases.
Ambulance Transports
The data about patients delivered by ambulance to the hospitals were collected in two steps. First all potentially relevant transports were extracted from the records in the ambulance control centers, then the diagnoses of these patients were completed from their hospital records. Thus, for seven big cities (Duisburg, Oberhausen, Essen, Dortmund, Gelsenkirchen, Dusseldorf, Koln), individual data from 1500 patients with respiratory or cardiovascular diseases delivered to 78 hospitals (58% of all transports under study) were collected. These data included day of admission, age, sex, diagnosis, and severity of symptoms. Furthermore, aggregated data about all ambulance transports and emergency transports were available on a daily basis. Results Figure 2 shows the study area and the permanent stations measuring the ambient air pollution and the weather variables. In total, the weather was characterized by unusually low temperatures from the beginning of January until the end of the smog episode, where weather changed significantly (on January 21). Therefore, at the end of the smog period, combined influences from pollution and weather must be expected.
Outpatients

Ambient Air Pollutdon
In Table 2 , the maximum concentrations for SO2, suspended particulates (SP), NO2, and CO (daily averages) are given for the polluted area and the control area. However, they can only be compared qualitatively due to the different number of stations in the areas. For the control area the station in the western part (Eifel) is considered, because the measurements at the eastern station, located on a mountain 150 km from the border to East Germany, are mainly determined by pollutants transported from the east (3 
Health Effects
In Figure 3 , the time courses of total mortality and hospital admissions are shown. In the polluted area, an increase of both the number of admitted patients and the number of deaths is observed, which is parallel to the increase of the pollutants. (Fig. 1) . This behavior is also reflected in the parallel increase of the smoothened time courses during the episode and the parallel decrease thereafter (Fig. 1) . In contrast, for the control area no similar pattern is observed.
A more specific analysis of the diagnoses shows as a general feature that cardiovascular diseases increased more pronounced than respiratory diseases (Table 1 ). This will be discussed below in more detail.
Mortality
If the smog period is compared with the period of observation, one finds a significant increase of the number of deaths per day by 8% in the polluted area but only by 2% in the control area ( fPolluted area including Ruhr District (see Table 1 ).
ning of the smog is compared to the period of observation (5; Wichmann and Molik, unpublished data).
In 1979, during a 1-day smog episode, concentrations of 0.6 mg S02/m3 (24-hr average) and 0.5 mg SP/m3 (3-hr average) were reached (6), but no increase in mortality could be found (7) . In 1982, a local smog episode of 6 days was reported in the center of the Ruhr District, where 0.6 mg S02/m3 and 0.5 mg SP/m3 (24-hr average) also with high concentrations of NO2 and CO were reached (8) . The analysis of the mortality data of this small area did not show an observable effect (Wichmann and Molik, unpublished data).
The smog situation in January 1985 was extended over large parts of central Europe and lasted for 5 days. In the Ruhr District, SO2 concentrations up to 0.8 mg/m3 were measured, and suspended particulates reached concentrations of 0.6 mg/m3 (24-hr average). During this episode an increase of the total number of deaths by 6% was found in the Ruhr District if the week from the beginning of the smog episode is compared with the period of observation (1) .
Discussion
The analysis of earlier smog episodes in most cases was restricted on mortality data. Typical time courses showed a rise in the number of deaths that occurred within 24 hr after the rise in pollution, occasionally with a delay of 1 day (9). The number of deaths decreased on the termination of the incident with a consecutive minimum some days to 2 weeks after the maximum (5,9,10). Low temperatures lead to excess mortality (11) , and epidemics of influenza were responsible for high peaks in mortality and effects of air pollution were aggravated during such epidemics (10) .
In the present study, the number of deaths rise immediately when the pollutants increase (on January 16) (Fig. 2) and reach the maximum 2 days later. They decrease after the smog episode, and a minimum is found about 2 weeks after the maximum. (The minimum is difficult to identify from Figure 3 , but becomes evident from the moving average curves in Figure 1 .) This rebound is very similar in time and magnitude to that one observed during the smog episode of 1962 in the Ruhr District (5).
In the episode described here, temperature has also a significant contribution to mortality, as can be seen from regression analysis. The most convincing effect of temperature is observed on January 7 and 8, two extremely cold days (daily averages below -100C), when mortality increases strongly both in the polluted and the control area. There is no indication that influenza may have played any role during the smog episode. However, approximately 6 weeks later, an epidemic of Influenza A occurred, resulting in a peak mortality higher than during the cold presmog phase and during the smog episode (1).
If one looks at the causes of death in the polluted area, one finds a stronger increase for cardiovascular or combined cardiopulmonary causes than for respiratory causes. Already in earlier smog episodes (9, 10) , it became evident that respiratory diseases are only in part responsible for the increase of mortality and that cardiovascular and combined cardiopulmonary conditions played an important role (9) . The correlation of air pollution with total mortality was higher than with bronchitis (9) and highest for combined respiratory and cardiovascular conditions in elderly men (10) . However, in the analysis of causes of death rather than in the analysis of total mortality, the problem of the limited validity of diagnoses on death certificates (12) has to be kept in mind for earlier studies as well as for the present one. In total, the smog episode of 1985 shows moderate effects on mortality, which are less pronounced than in earlier episodes. This had to be expected due to the significant reduction of air pollution over the last decades.
Morbidity has been analyzed in several earlier smog situations (10, 13, 14) . Hospital admissions in London (10) showed a significant correlation for respiratory or cardiovascular conditions with smoke and S02.
However, the effects were not so sudden as for mortality. The degree of illness in patients with bronchitis keeping personal diaries was closely related to daily values of air pollution (14) . The lowest concentrations leading to a significant response in these patients were about 0.5 mg/m3 of SO2 together with 0.25 mg/m3 of smoke (24-hr averages). No evidence was found that these pollutants would, by themselves, produce the same response (14) . Smaller peaks in the degree of illness were identified, which coincided with falls in temperature (10, 14) .
In the present study, an increase of hospital admissions, outpatients, and ambulance transports of patients with respiratory and cardiovascular diseases is observed if one compares the smog period with the control period. The time course of these data is very similar to the observations for mortality: Despite fluctuations, the curves show a parallel increase at the beginning of the smog period and a common decrease thereafter in the polluted area. In the control area, no similar pattern is found, as shown in Figure 3 .
Since the admissions to the 186 cooperating hospitals are well documented and the diagnoses are confirmed, these data can be used for a more detailed analysis. One finds, similar to mortality, that patients with cardiovascular diseases are more strongly affected than those with respiratory diseases. Significant increases in admissions are found for patients with cerebral circulation failure, heart arrhythmia, coronary insufficiency, or chronic bronchitis, but only in the polluted area. A delay of 2 days between increase of the pollutants and the admissions is observed.
Patients delivered by ambulances to hospitals are a subgroup of hospital admissions for which, on the average, more acute or more severe symptoms have to be assumed. This subgroup shows the strongest in-crease during the smog period, and here respiratory diseases are more important. Furthermore, there is a more direct relation of ambulance transports and maxima of pollutants measured on the same day. It has to be discussed whether the restrictions of motor traffic might be responsible for a more frequent use of ambulance transports. However, motor traffic was limited or reduced only for 2.5 days and only in the centers of some cities in the Ruhr District. Furthermore, the increase of all transports [of which the patients with respiratory or cardiovascular diseases are only approximately 10-15% (1)] was much smaller.
Also, for outpatients, a steep increase during the smog period is found with a similar pattern in time as for ambulance transports. The analysis of subgroups is not possible, due to the fact that only aggregated data are available.
Increase is observed for consultations in doctors' offices. A strong positive correlation is found with temperature, but no correlation with air pollution. We explain this by the fact that severely affected persons would rather go to a hospital. Consultations in doctors' offices allows for some flexibility with respect to the time and may be postponed from days with snow, slippery ice, or smog to days with more agreeable weather.
In total, the collected data base is broad and comprises information from different sources. Except for consultations in the doctors' offices a small but consistent increase of mortality and morbidity during the smog period has been shown. It is also consistent with the data from children in the Netherlands (15) , which showed a significant reduction of their lung function values during the smog episode (January 18, 1985) compared with baseline measurements. Furthermore, the results are supported by morphological and functional analysis of cells from the respiratory system of rats, which lived outdoors in the Ruhr District during the smog period (16) .
An epidemiologic study of the type presented here can only show relations between variables and does not allow for causal interpretation. At most, consistency can be reached, and therefore it is important to discuss the limitations of the data. The data are (except for mortality) not complete for the whole study area. Therefore, no direct comparison of the crude morbidity data in the polluted area and the control area is possible. However, due to the method of collection, the data are complete for the period of observation. This makes possible an unbiased comparison of the smog period with the control period. Furthermore, it allows a comparison of the profiles of the time courses in the polluted and the control area.
The validity of the diagnoses in part is limited, especially for diagnoses from death certificates and records of the primary doctors. However, by aggregation of the data, this becomes of minor importance. In the most aggregated form, namely, daily mortality and daily consultations, validation problems obviously do not occur.
Meteorological influences have to be discussed. Temperature and biotropy, wind velocity, and humidity have been considered, but only an important influence of temperature has been found. It cannot be excluded that at the end of the smog period, because of the change of weather, further synergistic influences of meteorology and pollutants occurred. On the other hand, the general meteorologic situation was the same in the polluted area and in the control area. Thus, the differences in health effects in these areas are difficult to understand by meteorological arguments alone.
Indoor measurements are missing, and it cannot be ruled out that people left their homes during the smog episode less frequently than usual. Higher exposure to indoor pollutants (tobacco smoke, reduced ventilation, more heating because of low temperatures) could have played a role. Again, this argument is at least in part also valid for the control area.
Psychogenic effects of the alarm situation could have occurred. This argument might be supported by the strong increase of hospital admissions of patients with coronary insufficiency, cerebral circulation failure, or heart arrhythmia, for which possible psychogenic effects have to be discussed. On the other hand, asthma bronchiale, which also has a strong psychogenic component, shows no increase, but a decrease. Furthermore, treatment in hospitals and mortality have increased, but not contacts to doctors' offices. The latter might have been expected if minor symptoms due to psychogenic influences of the smog alarm had played an important role in the study. In total, it seems less probable that the observed health effects can be explained independently from the increased air pollution during the smog episode.
NOTE ADDED IN PROOF: Meanwhile a more detailed analysis of the data set has been performed (19) . The most important results are: *If one considers not only the polluted and the control area but also the area with an intermediate degree of air pollution (area 3 in Fig. 2 *Additional information from the data records of hospital admissions (severity of the symptoms, age, sex, anamnestic knowledge) has been analyzed: The smog effect is most pronounced for patients with minor or severe symptoms; in the polluted area the admissions increase with increasing age; no sex difference is observed; the strongest increase of admissions during the smog episode was found for patients with preexisting respiratory problems.
*A bioclimatic classification of the study area has been performed. For both total mortality and hospital admissions of patients with respiratory or cardiovascular diseases, the increase in the smog period is mainly restricted to areas with stressing bioclimate.
*The data show evidence for the hypothesis that the smog effect was less pronounced in areas with high mortality during the very cold period 10 days before smog. Furthermore, mortality increased in a dosedependent way with decreasing temperature during these cold presmog days, and during the smog episode mortality increased in areas with sudden decreases in temperature.
In total, the additional analysis (19) shows that the pollution effects remain consistent if the intermediate area and local subunits are considered. On the other hand, the strong influence of meteorology on health during inversion-independent of air pollution-has to be emphasized.
